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Composite Recycler: Delamination
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Nathan Sauer
Teammates: Rosy Perez and Alfonso Olivera

1: INTRODUCTION
Description:
The current production process of the Boeing 777 wing leads to a great deal of composite
waste. Much of this waste is disposed of in dumps due to the inability to recycle the material. It
is extremely wasteful to dispose of valuable carbon fibers this way, both for environmental and
economic ways. These wing trimmings may be broken up so as to free up the carbon fibers for
repurposing in other composite products. This project will deal with a hydraulic approach to
delaminate these composite boards which will then be shredded and disassociated with a heat so
as to free up the fiber.

Motivation:
This project is motivated by a need to delaminate the layers. This is because the goal is
to separate the boards into small pieces. The delaminater will separate the layers from each
other, and the shredder will separate the pieces within each individual layer. These processes in
conjunction with each other will separate the boards into small pieces that will be easier to store
and readily available to

Function Statement
The device must create transverse shear in laminated carbon fiber boards to induce
delamination in the boards.

Requirements:
•
•
•
•
•
•

The device must be able to accept boards of various sizes ranging from 1/4” to ¾”
thickness and widths from 1” to 7”.
The device must delaminate at least 50% of the composite layers.
After delamination, the boards must be conveyed into the cutter device where
they will be shredded.
Noise must be lower than 90 db.
Hydraulic Press must have a capacity of at least 8 tons.
Plastic deformation must not occur in either the Ram or the Bottom Die.

Engineering Merit:
Success will be reached when boards can be delaminated to 50%. This is defined by the
equation:
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𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =

𝑆𝑒𝑝𝑒𝑟𝑎𝑡𝑒𝑑 𝑙𝑎𝑦𝑒𝑟𝑠
× 100%
𝑇𝑜𝑡𝑎𝑙 𝐿𝑎𝑦𝑒𝑟𝑠

This criteria must be reached in at least 95% of tested boards to pass the success criteria.
Success must be reached in boards of sizes on the end points of our size range. (i.e. ¼” and ¾“).

Scope
This report will deal with the design of the delamination system. The frame and feed
design of the delamination device will be addressed briefly but are not the main focus of this
report. The scope of this project primarily relates to the construction and implementation of the
dies and the hydraulic press which was adapted to fit onto the frame of the machine. Also in the
scope of this report will be the testing of this device, modifications made to improve it and
recommendations for future upgrades to the tooling of the device.
During prior testing, 50% delamination has been achieved infrequently. This project will
not only work on automating the process of delamination, it will seek to increase the total
amount of delamination, beyond previous testing.

Success Criteria
Our main process in this project is a simple three point bend of composite material. The
benchmark for this project will therefore be other machines that create three point bends such as
a press brakes and other forms of hydraulic press tooling.
Success for the project depends on the ability for this device to delaminate boards in a
way that is economical, meaning a feed rate of at least 1 foot per second. It is likely that in a
production scenario, some boards will not pass the success criteria of 50% delamination. For
quality control standards, this report stipulates a 95% rate of success, meaning that at least 95%
of boards will achieve at least 50% delamination.
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Design and Analyses
In initial testing it was determined that a standard hydraulic shop press was able to
achieve suitable delamination. In the initial process the bends were placed 2” apart from each
other. This was found to produce delamination of less than the desired 50%. In the second
phase of testing, the board was flipped over and the same bends were repeated in the opposite
direction. This second bend produced much greater delamination.
This project aims to emulate this project in a more efficient manner with greater
automation. The main goal is to induce multiple bends with each stroke of the press, bending the
material first in one direction then in the other. This idea is illustrated in the drawing below.
The boards will be indexed to each position and then bent. This will produce a high degree of
delamination with little user input.
The initial plan was to use a crankshaft to power the ram. The crankshaft will be driven
off of the existing motor via a chain. Problems with this design include timing issues with the
feed rate and indexing of the boards. The “Crankshaft” design has been abandoned in favor of
hydraulics. Therefore, some of the analysis located in this proposal has been rendered obsolete.
It is included in this proposal to illustrate how the design has shifted over time.
In analysis A1 calculations are done concerning the connecting rod that connects the
Ram to the Crankshaft. In this analysis the rod is modeled as a column pinned at both ends,
since it is more likely to break in compression than tension. Since the connecting rod for this
project is not being manufactured in house, this analysis is just a check to see if the rod used will
work.
In analysis A2, fatigue calculations are done for the crankshaft. This is mostly done to
determine the required fillets needed to remove major stress concentrators from the shaft.
In analysis A3 the pin used to connect the connecting rod to the ram is analyzed. This
pin is modeled as being in double shear, made out of A36 steel. From this analysis it was
determined that a standard size of diameter 5/8” is adequate for this project.
In analysis A4 it was found that the maximum torque found in the shaft will be 375
pound feet. This number will be used for the calculations done on the chain drive.
A5 concerns the plastic deformation at the tip of the ram. It was assumed that all of the
force exerted by the ram will act on the tip of the ram, in an area of .4 square inches. Based on
this and required bending force of 4000 pounds for each bend, it was found that the material used
for this application requires a yield stress of greater than 40 ksi. Yielding is not permitted for the
ram.
Analysis A6 is a time analysis based on the requirement of a mass flow rate exceeding 2
kg/min. Based on this data, the crankshaft speed will need to be minimum 26.25 rpm.
Analysis A7 concerns the method to deliver the required RPM to the shaft. There is
already an existing motor/ gearbox setup but it is currently geared to be too fast for the needs of
this project.
Analysis A8 concerns the design of the bottom die. This analysis shows that a design
using welded angle iron can provide adequate geometry to achieve enough of a bend angle to
delaminate the composite boards. The term “Bend Ratio” was defined in this analysis as the
span divided by the total possible depth of bend. The idea driving this is that bend ratios that are
smaller than the bend ratio used during testing will not be able to achieve the desired level of
delamination. Ideally, the bend ratio used in this lab will be significantly larger than the one
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used during testing to increase the % Delamination. However, it is not clear that extremely high
bend ratios will have a significant effect on the % Delamination.
Analysis A12 tests the viability of a design solution to attach the columns of the
hydraulic press to the frame body. This method will use bolts and angle iron to distribute the
load. It assumes that the weight of the press is zero.
Analysis A13 is an Euler column analysis used for the Spacer Assembly, which spaces up
the bottom die from the bottom of the hydraulic press. This column was constructed from thick,
quarter inch rectangular tube with dimensions two inches by 4 inches. It was assumed that the
column was free at the top end and fixed at the bottom since it was welded to a piece that is
much more rigid than the surroundings.
Analysis A14 designed the welds of the Spacer Assembly using the method outlined in
Chapter 20 of Machine Elements in Mechanical Design (Robert Mott.) This design was to make
sure that the welds were sufficient, but not necessarily optimized.

Methods and Construction
Methods
In this section the engineering methods of analysis will be discussed as well as the
parameters determined by this analysis. Relevant equations and analysis methods will be listed
and discussed in this section.
Much of the analysis for this project was stress analysis using concepts related to statics
and strengths of materials. To begin this analysis testing was done to determine an approximate
amount of force needed to delaminate the composites in this project. It was determined that
4000 lbs. was needed to delaminate the boards, so for two bends a total force of 8000 lbs. will be
applied. Based on this information it is possible to build free body diagrams and apply the
equations of static equilibrium to determine stresses throughout all of the major components.
Stresses can be applied to do Mohr’s circle analysis. Some components were modeled as beams,
which allows for use of the flexure formula.
𝑃
Normal Stress Equation: 𝜎 = 𝐴
The above equation is used frequently in this project. P stands for applied load in pounds
and A is the surface area, typically in square inches. This equation is used for axially applied
loads. For this project, all calculated normal stresses needed to be below the yield strength of the
material, since yielding is not permitted for this project.
𝑉
Shear Stress Equation: 𝜏 =
𝐴
This equation is similar to the Normal Stress Equation. Maximum shear stress is
assumed to be ½ of the yield strength.
𝑀𝑐
Flexure Formula: 𝜎𝐵 = 𝐼
This equation is used for any element of a part that can be modeled as a beam. M stands
for moment, c is the distance from the center line to the top of the beam and I is the moment of
inertia. Shear and moment diagrams must be constructed for this type of part to prove the
location of the maximum moment.
Equilibrium Equations:∑ 𝐹 = 0, ∑ 𝑀 = 0
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The equilibrium equations are used to solve for reaction forces in free body diagrams
whenever the object is in static equilibrium. Some of our components are not in true static
equilibrium but are assumed to be because of very low amounts of acceleration.
As the design of this project changed over time, additional analysis was needed in certain
areas. For example, parts that were previously designed as being bolted together were changed
to being weldments, which was a more appropriate manufacturing method. Analysis was
therefore done in regards to the size of the weldments needed to get the job done, as outlined in
Machine Elements in Mechanical Design (Robert L. Mott.) In general, welds are designed by
proposing a geometric solution to the weld, and analyzing each force that will act on the weld.
Iterations can be used to improve upon the design after analysis has been done. Weld design for
this project was chosen to be as simple as possible and provide large factors of safety, due to the
lack of experience with welding by the members of the group.

Construction
The construction for this project will be broken up into three parts: the machining of the
Ram, the construction and assembly of the bottom die, and the adaption of the hydraulic shop
press for use in our project. This proposal will address these three topics separately.
It was proposed that the most difficult part to be constructed for this project would have
been the Ram (documented in appendix B2). There are multiple methods that can be used to
produce this part. The first possible method will be to machine it on either a manual or CNC
mill in the Central Washington University machine shop. It is difficult using either method to
machine the angles of the “teeth.” On a manual Bridgeport lathe, it is possible to rotate the head
to the correct angle and lock it into place. The solid work piece can then be held flat in a vice
while the machining is taking place. This method has a high degree of success but is extremely
time consuming, and will add at least several hours to the proposed schedule. As of now, this
method is not recommended but may be considered in the future if other options fail. A second
option would be to use one of the CNC Miltronix 2.5 axis mills in the machine shop. Unlike
Bridgeport mills, the Miltronix don’t have the ability to rotate the head, so instead it will be the
work piece that will be rotated to the correct angle. This method poses a number of problems.
For one, it is difficult and time consuming to lock work piece into the correct angle. Angular
tolerance may suffer as a result. In addition, the workholding ability of the vice is somewhat
compromised by this method which means that the force of the cutter may move the work piece
in the vice and potentially ruin the part. Because of this, only extremely light speeds and feeds
will be permitted for the machining of this part, which hurts the schedule. Another possibility is
to send the part out to a shop with a water jet capable of cutting 4” steel. This will provide the
easiest, and likely tightest tolerance part possible. A final way to design this part would be to use
angle iron, similar to how the bottom die was proposed to be built (outlined below.)
The bottom die (drawings B3, B4, and B5) will be constructed out of angle iron and
welded onto a base plate. A total of 3 feet of angle iron will be purchased and cut down to size
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using a band saw. The three sections of angle iron needed for the die will be butted up against
each other, clamped together, and subsequently welded together.
A hydraulic press will be purchased for this project and subsequently adapted so as to
better fit on the current setup. The C channel which supports the press will be cut down to size
on a band saw and the bolt holes will be re-drilled. The columns that hold the press will be
mounted to frame of the device.
The two other machined parts for this project have less risk involved in the manufacture.
The Adapter (drawing B2) will be machined in two processes of turning and boring on a manual
lathe and one drilling and tapping. The last machined part (drawing B6) is a simple pin and will
only require cutting on a band saw and facing to improve the surface finish.
By far the biggest financial investment of this project was the shop press bought from
Ebay.com. Since this investment was so great, both in time and money, it was essential that no
mistakes were made relating to the adaption of this press into the entire system. One of the
measures taken to reduce risk was to assemble the press in the shop. The purpose of this was to
better visualize how the press would adapt onto the system as a whole. Once the press was
assembled the hydraulic system was connected and the stroke length was measured to ensure that
it met manufacturer specifications. The stroke length was accurate to specifications, a total of
7.5 inches. This test increases the likelihood that the system will work as intended. For large
systems with multiple team members such as the one in this report it is important to make sure
that all bases are covered.
An additional assembly was constructed for this project, called the Spacer Assembly.
The need for this assembly was not considered in the previous quarter, so its analysis and
construction was done rather quickly in winter quarter, with emphasis placed on simple designs
and structural materials. This assembly involved five parts (3 unique parts) and was welded
together. The Columns were made from thick rectangular tube, cut to length and faced in a
Bridgeport milling machine to ensure that the parts were square and the same length, to a tight
tolerance. This was done to make the parts easier to layup and weld, as well as make sure that
the forces were evenly distributed straight down the strong walls of the tube. Bolt clearance
holes were drilled in thick angle iron and welded to the tube to mount the top die. A bottom
plate was also machined with bolt holes to mount onto the press.
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Pictured above is the drawing tree for this project. There are a total of 5 unique machined
parts, not including the Press Assembly. 5 sub-assemblies will be constructed to be mounted on
the frame designed in a separate project. The two main assemblies will be called the Top
Assembly and the Bottom Die Assembly and will be talked about below.
The Top Assembly includes two Sub-Assemblies, called the Press Assembly and the
Adapter Assembly. The Press Assembly will be modifies from an existing shop press to be
purchased at a later date. Very little actual machining is required for these parts. The Adapter
assembly includes three machined parts (Ram: Appendix B1, Adapter: Appendix B2, and RamAdapter Pin: Appendix B6) and a single set screw to be purchased.
The bottom die assembly includes two parts, named Angle Iron (Appendix B3) and Base
Plate (Appendix B4.) This assembly will be welded as discussed above and bolted to the floor of
the main Delaminater Assembly.
One of the biggest recurring issues in the manufacturing of this device was the
positioning of holes. This project involved manufacturing done by three people in the 20182019 academic year, along with more manufacturing by two people in the 2017-2018 academic
year. Manufacturing input by this many people over this amount of time can create tolerancing
issues in this system where every part must align correctly and bolt together. Additional
problems were introduced by the purchased press parts. These parts were not particularly square,
and certainly were not held to close tolerances. So, while the assembly went together perfectly
in SolidWorks, there was significant risk at certain points that the parts would not bolt together
correctly. A common solution to this problem is by using match drilling to make sure holes are
in the right location. To utlizie this correctly, a complicated order of operations was utilized to
manufacture certain parts, and use those parts to manufacture other parts. Using this method, the
system was constructed correctly.
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Testing Method
There are three major areas of testing that will be conducted for this project. Number one
and most importantly is the percentage delamination that the machine can reliably produce.
Second is the performance of the tooling/ dies that will be used. Third is the potential material
flow rate of the delaminater/ shredder.
Since the main point of this device is to cause delamination, this will be the primary
focus for testing. The number of delaminated layers will be counted along the length of each
board passed through the machine at set intervals and recorded in an excel spreadsheet. Since
each board is approximately 5-6 feet, it is possible to test boards one at a time and then analyze
the results to determine the performance of the machine. If 50% delamination is not achieved
then redesigns will be required.
Testing the performance of the tooling and dies will emphasize visual inspection and
measurements done with calipers. Visual inspection will be able to determine signs of fatigue,
wear, or significant plastic deformation.
All of the tooling has been shown in analyses to have stresses below yield stress. However, the
analysis done for the report relies on the assumption of uniform application of load, which may
prove to be a false assumption.
The testing for this project will be split into two primary categories, the first being the
effectiveness of the fulfilling the design requirement for delamination, and the second being the
operation of the machine. As to the effectiveness of delamination, testing will be very simple
and non-technical. It is possible to simply count the number of delaminated layers of a single
composite board and compare this number to the total number of layers. If this number is small,
small in this case meaning less than 50% delamination, the dimensions of the die tooling must be
changed. All testing of the performance of the device began with visual inspection of the parts,
looking for any signs of deflection.
The first round of testing concerned the entire composite recycling team and included
tests done by other team members. These tests were designed to understand the changes needed
to create a working device. There were a number of problems with the feed rate of the device
that were fixed in the week following testing, including belt tension and having springs that were
too weak to effectively grip the boards being fed. The springs and the belt tensioner were
updated and the device now functions as intended. The press and die system worked as intended,
although the process produced less delamination than was expected. (Approximately 50 %.) For
more information about this test, see Appendix I below. The first round of testing was rushed
because it had to be completed before the upcoming JCATI symposium at the University of
Washington. More in depth testing was done later to refine and improve the process.
The second round of testing followed a similar Standard Operating Procedure as the first
round, but modified to more effectively refine the process. The second round was largely done
without the full composite recycler team present at the machine. This aided the process because
more time was able to be spent on refining the process. It was found during this testing that the
most delamination occurred when the distance between subsequent bends was 1.00 inches.
During the first round of testing, distance between bends was 2.00 inches, and this produced
much less delamination. For this project, 50% delamination between bends is expected for a
passed test. Therefore, distance between bends should be lower than 2.00 inches. More tests
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could be taken to improve the process through kaizen, but that is outside the scope of this
project.
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Budget/ Schedule/ Project Management
Proposed Budget
The primary supplier for the materials used in this project was expected to be McMasterCarr. McMaster-Carr was chosen because they are a reputable company with a wide range of
products and a user-friendly website, eliminating the need for time consuming shopping. The
ability to purchase a large order of materials will help with the supply chain for the project and
improve the ease of scheduling. Outside of McMaster-Carr, Ebay was also used to order the
Hydraulic Press. Using Ebay.com introduces low to moderate risk regarding the reputability of
the seller, however this risk is more than offset by the drastic price reduction from buying our
press here. Online Metals was also utilized to order much of the metal plate and structural steels
which formed the backbone of this project.
It was expected that the Ram part (refer to Appendix A1) will be outsourced, while all
other parts will be machined in house. This part needs to be outsourced because it requires a
waterjet or other cutter capable of making cuts in 4” steel, which is not a capability of the Central
Washington University machine shop. No quote for this outsourcing has been obtained to date,
so a preliminary estimate of $150.00 has been assessed based on data obtained from online
forums discussing the pricing of similar operations. Another job that cannot be performed by
any member of the Composite Recycling team is the welding of the bottom die. However it is
assumed that this welding will be performed by CWU engineering technician Matt Burvee for a
cost of $0.00, with assistance from Composite Recycling team members.
The total estimated project cost of the parts was predicted to be $919.00 as of December
2018, documented in Appendix C-1 by parts. Around half of this budget is devoted to buying an
entire shop Hydraulic press at a cost of $448.99. An additional large expense would have been
the Ram (Appendix B1) which has high costs. The design for the ram ultimately changed to a
much lower cost version. Shipping costs are not included in this estimate.
This project is fully funded by the Joint Center for Aerospace Technology Innovation
(JCATI). The total possible budget for the team is $5000.00, split between the three sub-projects
occurring in this academic year.
This project is currently projected to be completed significantly under the budget
proposed at the end of fall quarter due to changes in design, particularly the top die. It was
initially proposed to construct the die out of a single block, cut with a water jet in a shop outside
of Central Washington University. The design was changed to allow for the die to be
constructed out of 1 inch by 1 inch angle iron, which is much cheaper than the block of steel that
would have been needed for the previous design. Additionally, the new angle iron design can be
constructed entirely in house using stock currently on hand in storage in the machine shop.
This project is under budget. The estimated budget was $919.00. The project has
currently only cost $617.00, a savings of $302, a savings of 33%.

12

Proposed Schedule
The schedule for this project is organized as a Gantt chart. The tasks associated with this
project are divided into sections, these being Proposal, Analysis, Documentation, Proposal
Modifications, Part Construction, Assembly, Evaluation, and Deliverables. Each section has a
number of line items that will take an estimated amount of time. All tasks have time estimates
associated with them. Generally speaking, line items associated with the proposal, analysis, and
documentation of this project will be done in fall quarter, construction and assembly will be
completed winter quarter, and evaluation and modifications will take place in the spring.
However, this is subject to change as the project progresses. Part construction is estimated to
have the highest time consumption at 24 hours followed by analysis, clocking in at 19 hours.
This project involved an almost total redesign in the month of January. Some changes
were made to the top die to reduce cost and increase manufacturability. Drawing revisions have
been documented in regards to this change. It was deemed essential by supervisors to obtain a
fully complete assembly drawing of the new design before any materials were ordered. This was
done to reduce risk, both in time and money. It is vastly less costly to perform changes in
SolidWorks compared to changes once production has become. Nevertheless, this process
delayed purchase of materials by over three weeks. Manufacturing began in February when
materials arrive, significantly delaying the schedule. Despite these setbacks, part construction
went well, and the lost time was eventually made up by the end of the quarter.
The biggest change between the proposed schedule and the actual schedule was the
design modifications. These changes were significant, with almost every part being redesigned
by the end of the quarter. Parts continued to be redesigned into week 9 of the quarter in an
extremely time consuming process. All part modifications were documented in the drawings
themselves in part modification tables.
Despite these changes, the mantra of “measure twice, cut once” held true.
Extreme care in regards to the layout and documentation of critical dimensions of machined parts
meant that very little error was made in the machining process. This saved a lot of time and
allowed the project to be completed in the allotted time.
Modifications were measured to consume 38 hours of time, higher than the estimated
time of 4 hours. Total time on this project has been 124 hours, higher than the estimated time of
101.8 hours. The actual amount of hours put into this project is likely higher than this, as this
time is only the logged hours.

Discussion
Design Evolution/ Performance Creep
The initial plan for this design was to be a continuation of the “cam” method of
delamination developed by CWU students Jason Morrow and Misha Minasyen in the previous
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academic year. The problem with this design is that the interference caused by the presence of a
cam makes it extremely difficult to feed the composite boards through the machine. In addition,
the cam design was geometrically unable to produce adequate bend angles. The way both of
these problems was solved was by changing the design to some sort of reciprocating ram, similar
to a standard press brake and vee die. Since the ram can be withdrawn from the work piece it
will not provide any interference and allow for easy feed of material. Also, the dimensions of
the ram and bottom die can easily be altered to provide any bend angle the project might require.
The first iteration of this design was a simple vee die and ram. However this initial
design is thought to be inadequate to provide 50% delamination percentage based on testing
carried out last year. In testing performed by Dr. Craig Johnson it was found that to produce
enough delamination, bends needed to be revered by flipping the boards 180 degrees and
performing a second “reversed” bend. The second iteration of this design accounted for this by
creating a double tipped ram (Appendix B1) and a three-pointed bottom die (Appendix B5.) By
indexing the material being fed through by the length of the bend span, it is possible to achieve
reverse bending using this method without flipping the boards 180 degrees.
The design of the method of power transmission to the ram has also changed over the
course of the quarter. Initially it was planned to use the existing motor and gearbox to provide
power to a crankshaft which would be attached to the ram, thus achieving reciprocating motion.
This design was ultimately abandoned due to concerns about the high torque, low speed needs of
the reciprocating ram. There were also concerns about the method of control for the motor.
Instead, this project will use hydraulics to provide the force to the ram.
The design evolved a great deal in winter quarter. The changes made in the winter were
largely to aid in the ease of manufacturing and reduce cost. In particular, the top die was
changed from a water jet part to welded angle iron. It would be extremely expensive to cut a
piece of 4” thick steel on a water jet. This was an important piece of information learned in the
second quarter of the 2018-2019 academic year. Changing the design to welded angle iron
reduced the cost dramatically, and made it possible to construct the die in the CWU machine
shop. Due to the rapidly changing nature of some of the designs used in this project, it is
essential that as much work as possible can be done cheaply in the CWU shop where it can be
modified easily.
As has been discussed previously, the main testing requirement for this project is that
delamination percentage must exceed 50%. In the first test performed on the delaminater, wing
trimmings were fed through the system and subjected to five point bends every two inches. One
phenomenon noticed was that the angle iron die design had a tendency to break the top layers of
the carbon fiber material rather than cause pure bending. This is likely because the edges of the
angle iron were sharper than traditional vee-dies used in prior testing. Also, delamination
percentage achieved was only 30%. This means that bends need to be made at intervals smaller
than two inches.

Project Risk Analysis
There is some amount of financial risk involved in this project since it is unknown
whether this tool/ die design will work. If sufficient delamination is not achieved by this system,
the money that went into purchasing these parts will have been wasted and new materials will
have to be purchased along with a redesign of some or all of the die set. This risk will be
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mitigated by reducing the cost of the material that goes into tooling. Since this is considered a
“proof of concept” design, only mild steel will be used for the tools and dies. For an actual
production machine, Tool steel or 4140 alloy steel would be more appropriate because they are
more resistant to the significant wear that may occur from this project.
A big risk in this process is the adaptation of the hydraulic press, which is far and away
the largest expenditure of this project. If any part of this press is ruined in the manufacturing
process so that it is unable to be used it will be extremely costly and time consuming to replace.
This fact greatly changed how the manufacturing and design of these parts was carried out.

Project Documentation
This project contains several analyses and drawings which are documented in the
appendices. Supplemental information about the project is documented in an engineering
notebook.

Testing
Testing for this project occurred in multiple phases over the course of spring quarter.
The first round of testing had the aim of determining the viability of the machine prior to
presenting at the JCATI symposium at the University of Washington. This testing concerned the
entirety of the Composite Recyling team, and thus had combined several tests for different
aspects of the delamination machine, including
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In this project several unique parts were designed to fit into assemblies in an effort to
perform a unique task, that being the delamination of carbon fiber boards. These parts were
designed to withstand experimentally determined loads without experiencing plastic
deformation. This device has been calculated to be able to create delamination of greater than
the 50% requirement that will allow for recycling.
In the first test that was performed on this device, delamination of only 30% was
achieved. To correct this, changes to either the process or the design were proposed. In the end,
process changes were sufficient to achieve greater than 50% delamination, as high as 80%. In
other news, there was no deflection that occurred in any of the engineered parts created for this
drawing. This is good news, because it means that the stress analysis for this project was done
correctly, and that other unforeseen failure modes did not occur and cause the part to fail.
The main takeaway from this project is that this method is a viable way to delaminate
carbon fiber material. Die designs with several points of contact will cause greater delamination
than designs with fewer points of contact. For future designs, this concept can be scaled for
similar operations. A bigger press and different design could support even more points of
contact. This would improve material flow rate and delamination percentage. In general, more
points of bending contact will improve material flow rate because of the way that it is.
As has been discussed above, the main need to increase the economic viability of this
device would be to use a press brake instead of the current hydraulic press. Another option
would be to use some sort of hydraulic hammer. Basically, anything with a high cycle time
could make this project work.
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Appendix A

Figure A1: Analysis of the Connecting Rod in Buckling.
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Figure A2: Shear Analysis of Connecting Rod Pin
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Figure A3
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Figure A4: Determination of Maximum Torque in Crankshaft
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A5: Ram Deformation Analysis
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A6: Mass Flow Rate Analysis
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A7:

23

A8: Geometry Analysis for Die
24

A9: Analysis of Loading on Set Screws
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A10: Page 1 of Stress Analysis in Angle Iron Die
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Analysis A10: Page 2 of Angle Iron Stress Analysis, incl. Mohr’s Circle
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A11: Stress Analysis of Bolts in Double Shear
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A12: Page 1 of Hydraulic Mounting Calculations

29

A12: Page 2 of Hydraulic Mounting Calculations
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Appendix B:
B1: Die Ram
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B2: Ram-Press Adapter
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B3: Die Angle Iron
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B4: Die Base

34

B5: Die Assembly
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B6: Ram-Adapter Pin

36

Drawing B7: Adapter Assembly1

1

This design was changed and was not used. This assembly drawing is included as reference to demonstrate the
design creep of the project.
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Drawing B8: Cross Bar C Channel
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Drawing B9: Press Column
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B10: Press Head

40

B11 Press Cylinder

41

B13: Base C Channel

42

B15: Press Assembly
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B17: Spacer: Base

44

B18: Spacer: Column Tube
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B19: Spacer: Angle Iron
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B20 Spacer: Assembly

47

B21: Spacer: Plate
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Appendix C:
Part Name
Qty.
Ram
Ram-Press Adapter
Die: Angle Iron
Die: Base
Ram-Adapter Pin
1/4"-20 Set Screw
1/2" Hex Head Screws
1/2" Lock Washer
1/2" Nut
1/4"-20 Flat Head Screw

Part #
1 B1
1 B2
1 B3
1 B4
1 B6
1 91375A533
4 91247A736
4 92147A033
4 95479A121
4 91253A542

Sub Assembly
Top Assembly
Top Assembly
Bottom Die Assembly
Bottom Die Assembly
Top Assembly
Top Assembly
Top Assembly
Top Assembly
Top Assembly
Top Assembly
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Appendix D-1: Proposed Budget as of Fall 2018

Part Name

Qty.

20 Ton
Pneumatic Shop
Press
1” x .25” Angle
Iron
Steel Plate 4.0”
x 24” x .5”
4” X 2” X ¼”
x24”
RectangularTub
e
¼”-20 X 1” Flat
Head Screw

1

Part #

Price
(each)
$448.99

Price
(total)
$448.99

Details:

McMaster-Carr
3ft Length

1

9017K654

$14.06

$14.06

1

8910K22

21.92

21.92

1

4

2” X 1/4 “ Angle
Iron
Carbon Fiber
5
Board
Uncoated High- 1
Speed Steel
Square-End End
Mill

Bought new from Ebay.com

$36.92

91253A542

$.18

$8.84

McMaster-Carr
Qty. 50

N/A

0

0

Provided by Boeing

3051A67

$32.85

$32.85

Total
Price

$919.00

Figure C1: Parts List and Prices
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Appendix D-2: Actual Used Budget
Part Name

Qty.

20 Ton
Pneumatic Shop
Press
1” x .25” Angle
Iron
Steel Plate 4.5”
x 6” x .5”
.5” x 4” x 24”
Hot roll
Black-Oxide
Steel Nut—
Grade 5
2” x 4” x ½” x
24” Rectangular
tube

1

Carbon Fiber
Board
Uncoated HighSpeed Steel
Square-End End
Mill

Part #

Price
(each)
$448.99

Price
(total)
$448.99

Details:

McMaster-Carr
3ft Length

Bought new from Ebay.com

1

9017K654

$14.06

$14.06

1

8910K22

17.59

17.59

1

9723

$32.86

$32.86

Online Metals

4

95479A121

$.45

$11.17

McMaster-Carr
Qty. 25

1

10184

$60.08

$60.08

Online Metals

25

N/A

0

0

Provided by Boeing

1

3051A67

$32.85

$32.85

Total
Price

$617.60
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Appendix E: Scheduling

53

54

Appendix F: Gantt Chart

55

Appendix G: Raw Data
Test 1: 30% delamination

56

Test 2: 86% delamination
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Appendix H: Example Testing Data Sheet

Appendix I: Testing Report
Introduction
The requirements of the testing is that 50% delamination will be achieved. Other parameters that will
be discussed will be cycle time and the plastic deformation of the dies. The predicted performance is
that the die set will achieve at least 50% delamination. Refer to the Gantt chart items 10a-10i for
detailed scheduling information. Other testing parameters are cycle time and deformation of the dies.
The testing for these parameters will be done concurrently with the delamination test, which is the
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primary test to be done. No deformation is expected due to the results of stress analysis of the dies.
Cycle time is expected to be several minutes because of the speed of hydraulic presses.

Method/ Approach
As has been discussed in the prior section, preliminary testing for the composite delamination process
successfully delaminated approximately 30% of the composite layers. This was considered a largely
successful test because the previous “cam” design was completely non-functional. The new hydraulic
press delamination system is fully integrated with the rest of the recycling systems, including feed rate
and shredding. However, it was still desired to produce a higher percent delamination.
It was decided that the easiest way to increase the percent delamination was to decrease the distance
between bends. In the first test it was noticed that the material closest to the contact points of the die
displayed the greatest amount of delamination. Material farthest away from the contact points showed
lower levels of delamination. It is not easy to quantify how much the delamination decreases further
away from the contact points, but it is visually noticeable. Therefore it stands to reason that more
bends, with more contact points per linear inch, would produce greater delamination. In the first test,
after the first bend, the material was fed through by two inches before the second bend was done.
Every subsequent bend was done at 2” intervals. For the second test, material was fed by
approximately 1.41.” This number was chosen because of the dimensions of the angle iron used in the
dies. This length was found to produce more delamination

Test Procedure
Summary/ Overview:
This test is designed to test the ability of the device to delaminate the carbon fiber board. It will
demonstrate the standard operating procedure of the device, as it would be in a real production
environment. This test report deals with the operation of the press, but it is in conjunction with the
operation of the feed control.
Specify Time/ Duration
This test will take approximately 10 minutes if it is properly set up beforehand.
Place: Hogue 127
Resources Needed: Operation Staff of 2. 1 Carbon Fiber wing trimming, provided by Boeing
Specific Actions to complete the test:
1)

Connect air hose for press pneumatics

2)

Place board in mouth of machine. Position correctly under ram.

3)

Feed Rate operator turns wheel to first position.

4)

Press Operator uses air to lower ram and crush the boards.
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5)

Press Operator raises press back up to initial position

6)

Feed Rate Operator turns wheel to index board by two inches.

7)
Repeat Steps 4 to 6 until several bends have been done. The number of bends is at the
discretion of the test supervisor, but should be at least 3.
8)

Remove board and count the number of delaminated layers.

Risk, Safety, evaluation readiness, other?
The carbon fiber boards may splinter and pose a risk. Gloves are recommended for anyone who
handles the boards. If the hydraulic system is improperly handled, hydraulic injection may occur causing
serious injury. Do not use if the hydraulics are not properly maintained by qualified personnel. During
operation of the press, make sure hands are removed from the machine. Avoid pinch points during
operation.
Discussion:
Make sure to visually inspect both the top and bottom dies before and after the operation of the test to
make sure no deformation is occurring during operation.

Deliverables
Test 1 produced 30% delamination. This indicates that the device works to a satisfactory degree, but
more delamination than this is desired. No deformation of the dies has been noticed in the low batch
size which is a sufficient passing test. Cycle time has not been tested adequately because of lack of
operator skill.

Report Appendix
Appendix 1: Gantt Chart
10
10a
10b
10c
10d
10e
10f
10g
10h
10i
10h

Device Evaluation
List Parameters
Design Test&Scope
Obtain resources
test sheets
create plan for analysis
Testing modifications
Other testing
Perform Evaluation
Take Testing Pics
Update Website
subtotal:

1
1
1
1
1
1
1
2
1
1
1
2
2
1
1
1
0.25
0.1
0.5
0.5
9.75 10.6

Figure 1: Testing Gantt Chart
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Appendix 2: Procedure Check List
Specific Actions to complete the test:
1)

Connect air hose for press pneumatics

2)

Place board in mouth of machine. Position correctly under ram.

3)

Feed Rate operator turns wheel to first position.

4)

Press Operator uses air to lower ram and crush the boards.

5)

Press Operator raises press back up to initial position

6)

Feed Rate Operator turns wheel to index board by two inches.

7)
Repeat Steps 4 to 6 until several bends have been done. The number of bends is at the
discretion of the test supervisor, but should be at least 3.
8)

Remove board and count the number of delaminated layers.

Appendix 3: Procedure Checklist

Summary of Data
In summary, the point of this testing is to determine how much delamination can be achieved by the
delamination system. The method of testing will be to feed the material into the machine and
delaminate it at different intervals. The deliverables are percent delamination achieved and other
things.
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Appendix J
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Appendix K
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